Recent results towards hypotheses 1-4:
Hypothesis 2 Cytochrome c7 and a suite of site directed mutants have been prepared by our collaborator Marianne Schiffer (ANL). In order to determine if the mutated proteins are able to reduce U(VI) and other metals, we have overexpressed the protein in anaerobic cultures of E. coli. Despite successful targeting to the periplasm, the wild type cytochrome c7 was unable to form part of an active electron transport chain in E. coli, and this approach to exploring the functionality of mutant derivatives of cytochrome c7 will not be useful in our studies. We would prefer now to work with cytochrome c7 and mutated derivatives in vitro, and assay the ability of the proteins to transfer electrons to target metals using low concentrations of hydrogenase as the electron donor. This technique has proved useful in studying electron transfer to metals (e.g. Cr(VI)) in other anaerobic bacteria.
Hypotheses 3 In the first 5 months of this project we showed, using biochemical and genetic approaches, that the enzyme responsible for Tc(VII) reduction in G. sulfurreducens is a NiFe hydrogenase localized in the periplasm. We are now preparing to purify this protein to determine if it is able to reduce other metals including U(VI) directly, as suggested from a range of physiological experiments conducted in our laboratory e.g. the observation of hydrogen-dependent U(VI) reduction in the mutant lacking cytochrome c7. We have also recently conducted studies using an analogous highly purified hydrogenase from Desulfovibrio vulgaris, confirming that this second cytochrome-independent mechanism for U(VI) reduction is indeed possible in close relatives to Geobacter species.
Hypothesis 4 A suite of mutants has been constructed by our collaborator Derek Lovley at UMASS Amherst. Given the impressive progress in this area by the Lovley laboratory, and recommendations from reviewers of our grant application, we have decided to focus on a detailed characterisation of currently available mutants with respect to their ability to reduce a range of metals and actinides
